Introduction
In recent years, economic pressure on pig production has resulted in intensification of production methods in order to decrease production costs. As a consequence, animal health and welfare and environmentally friendly production have been pushed into the background. Furthermore, the production of lean carcasses to meet consumers' demands for low-fat pork has resulted in a substantial decrease of intramuscular fat levels and an increased concern that eating quality may be consequently reduced (Cisneros et al., 1996) .
To face these new challenges, alternative production methods such as organic livestock farming have been Correspondence: phone: 0049-5542-981710; fax: 0049-5542-981588; E-mail: Sundrum@wiz.uni-kassel.de.
Received April 1, 1999 . Accepted November 15, 1999 1199 resulted in the same performance as supplementing the conventional diet with synthetic AA, although crude protein levels differed markedly. Pigs fed the organic diets without AA supplementation grew more slowly (P < .05) and had a decreased feed intake in the grower period (P < .05) but nearly the same feed efficiency (P > .05) as pigs fed conventional or organic diets with AA supplementation. Carcass characteristics differed in percentage of lean meat and longissimus area, being lower in the treatments without AA supplementation (P < .05). However, the intramuscular fat was higher without AA supplementation (2.9% fat) than with supplementation (1.2% fat) (P < .01). The data show that the exclusion of AA supplementation resulted in a reduction in pig performance but in an increase in intramuscular fat content; the latter is an important aspect of eating quality characteristics.
developed. Organic farming puts more emphasis on the production system to meet the demands of a specific consumer segment (Sundrum, 1998) . According to the basic standards of IFOAM (1996) , organic livestock farming is primarily based on home-grown feedstuffs with the objective of establishing an almost complete on-farm nutrient cycle. Purchased feedstuffs are limited to 15% in relation to the total amount of dry matter feed intake. Among others, extracted soybean meal, synthetic amino acids, and growth promoters are forbidden as feed ingredients. Due to the extensive production system there is doubt whether organic production can meet the demands of high carcass quality (Branscheid, 1996) . There is, however, very little information on the impact of organic feeding regimes on growth, carcass, and meat quality characteristics of pigs.
restriction to home-grown feedstuffs, fed from the grower through the finisher period, on pig performance and carcass characteristics. Animals were allotted to four dietary treatments on the basis of sex and live weight. Pigs were individually housed and fed in pens on half solid concrete and half concrete slats (dimensions, 2.5 × 1 m), which were equipped with a cup drinker. Dietary treatments were imposed at an average initial weight of 31 kg. Pigs were given ad libitum access to isocaloric grower diets from 31 to 70 kg and limitedfed diets in the finisher period from 70 to 120 kg. Diets were changed on an individual weight basis. In the finisher period female pigs received 8,122 kcal metabolizable energy (ME) daily, and the castrates were fed an amount of feed containing 8,600 kcal ME. None of the diets contained growth-promoting subtherapeutic antibiotics. Amino acid supply was obtained from different sources, based on grain legumes, with or without external supplementation. The supplementation was offered either conventionally by protein concentrate (control treatment) or organically by potato protein on a base of faba beans (beans+potato). The protein concentrate included extracted soybean meal, fish meal, and synthetic lysine, methionine, and threonine. The supplemented diets were formulated to meet the AA requirements of growing and finishing pigs (GEH, 1987) . The diets without supplementation included either peas plus lupines (peas+lupines) or faba beans plus lupines (beans+lupines). The ingredients were calculated to achieve the highest level of limited AA possibly available by using home-grown feedstuffs (Table 1). Although levels of limited AA were equivalent in both the AA-supplemented and the AA-unsupplemented diets, CP differed widely between the dietary treatments. All dietary treatments were isocaloric at a level of 3,106 kcal ME/kg dry matter. The analyzed data of the feed mixture differed only slightly from the calculated data based on the single ingredients, except for the dietary treatment (beans+potato). Details of ingredients and nutrient composition are given in Table 1 .
Pigs were weighed at 2-wk intervals so that weight gain, feed intake, and feed efficiency could be calculated. Animals were transported to the abattoir in the evening and slaughtered the following morning. For assessment of carcass quality, the carcass was cut between the 13th and 14th rib in the loin area to measure the following characteristics: backfat thickness, fat area, longissimus muscle cross-sectional area, and percentage of lean meat in the abdominal cut. Video images of the cut, which were taken vertically toward the spinal column, were analyzed by means of digital image analysis. The abdominal cut was made vertically toward the rind at a length of 8 cm, beginning at the abdominal border of the iliocostalis muscle. Grading for the assessment of lean muscle was carried out with the FOM equipment.
The quality of meat was measured by pH 1 values (45 min after slaughter) and pH 24 values (24 h after slaughter) in the loin muscle and by the opto-result (reflectance measurement). Additionally, the electrical conductivity in the loin (LF 1 and LF 24 values) served as a description of the meat quality. Another reflection value was recorded 45 min after slaughter, simultaneously with grading of the lean meat (FOM). Muscle samples for intramuscular fat analysis (IMF) were obtained from the longissimus immediately posterior to the 13th rib. Proximate analysis procedures for fat were conducted on the homogenized muscle samples using the near-infrared-transmission-technique (NIT).
Nitrogen analysis of the diets was carried out by the macro-Kjeldahl procedure and crude protein was calculated (N × 6.25). Amino acid analysis of complete diets was carried out by ion-exchange chromatography, following hydrolysis of the samples in 6 N HCl. Tryptophan analysis was carried out by HPLC following alkaline hydrolysis of the samples with barium hydroxide. The experiment was analyzed as a randomized complete block. Because each pig was individually penned, pig was considered the experimental unit. Data for each response criterion were analyzed according to the program package SPSS-PC+ (Brosius, 1989) to test for the effects of diet and replicate, using one-way analysis of variance with the dietary treatment as classification variable. Tukey's w procedure was used to determine which treatment was significantly different. Response criteria were regressed on intramuscular fat content.
Results
The effects of dietary treatments on growth characteristics of the pigs used in this study are summarized in Table 2 . The conventional and organic diets, supplemented either with protein concentrate (control) or potato protein (beans+potato), caused a greater daily live weight gain, a greater feed intake, and a shorter period to market weight of 120 kg than the diets without protein supplementation (peas+lupines and beans+ lupines) (P < .05). The greatest daily live weight gain of 890 g/d was achieved in the beans+potato treatment group, followed by the control treatment with approximately 860 g/d, whereas the treatments without protein supplementation reached similar levels (770 g/d and 767 g/d for peas+lupines and beans+lupines, respectively). The difference in feed intake and daily live weight gain was limited to the growing period. There was no difference during the finishing period (P > .05). Feed efficiency did not differ between the dietary treatments (P > .05). However, energy consumption was higher in the beans+lupines treatment group than in the control and beans+potato treatment groups (P < .05).
The carcass and meat quality measurements are presented in Table 3 . Carcass characteristics showed no difference between the treatments either with AA supplementation (control and beans+potato) or without AA supplementation (peas+lupines and beans+lupines) (P > .05). Carcass yield and percentage of lean meat were highest in the control treatment (77.9% and 56.0%) and lowest in the beans+lupines treatment group, with 76.5% carcass yield and 53.6% lean meat (P < .05). Values within a row with different letters differ (P < .05).
Whereas there were no differences in fat area and backfat thickness among treatments, the ratio of lean:fat was greater in the treatments with AA supplementa-tion than in the treatments without AA supplementation (P < .05). The longissimus cross-sectional area was larger for pigs given the AA-supplemented diets than for pigs fed the organic diets without AA supplementation (P < .05).
The highest values were obtained in the control treatment group (56.8 cm 2 ), followed by the beans+potato (54.3 cm 2 ), peas+lupines (48.8 cm 2 ), and beans+lupines (48.0 cm 2 ) groups. However, feeding the organic diets without AA supplementation resulted in a dramatic increase in IMF content of 2.90% and 2.95% fat compared to the AA-supplemented treatments (1.20% and 1.26% fat, respectively; P < .01). Intramuscular fat was negatively correlated with longissimus area (r = −.44) and with daily gain (r = −.48) (P < .01).
Calculations of the effects of the different diets on feed costs are presented in Table 4 . Data are based on the average purchase price of commercial feedstuffs in Germany in 1998 and the conventional carcass price that prevailed when the pigs were marketed. Costs for organically produced feedstuffs were about 40% higher than those for conventional feedstuffs. Among the organic diets, the highest price for both the growing and the finishing diet was paid for the beans+potato diet, because of the high price for potato protein. Only a slight difference existed between the peas+lupines and the beans+lupines diets. Because feed consumption in the peas+lupines and the beans+lupines treatment groups was higher than in the beans+potato group, feed costs per pig were similar among the organic treatments but were nearly 44% higher than the control treatment. Corresponding to the portion of lean meat, the price for carcass decreased from the control treatment (112.1 Euro) to the beans+lupines treatment (104.7 Euro). After deduction of the feed costs from the carcass price, the difference between organic and conventional treatments ranged from 20.9 Euro to 27.3 Euro, resulting in a reduction in the profit per pig of Values within a row with different letters differ (P < .05).
30.7% with the beans+potato diet, 36.6% with the peas+lupines, and 40% with the beans+lupines diet.
Discussion
The objective of this study was to investigate the impacts of different feeding regimes suitable for organic pig farming on fattening performance and carcass characteristics, in comparison to a conventional control diet. Pigs fed the control diet showed a high performance level, comparable to those obtained in other investigations with similar diets (Haas et al., 1997) . Pigs fed the organic diet supplemented with potato protein, had performance equivalent to that of pigs fed the control diet. The beans+potato diet even showed a tendency to higher yields than the control diet, possibly due to the slightly higher energy content in both the growing and the finishing diets (Table 1) . On the basis of equivalent AA levels, the high CP level in the organic beans+potato diet, in comparison to the low CP level in the control diet, did not influence performance characteristics. Synthetic AA supplementation of barley/wheat-based diets (Cinq-Mars et al., 1988; Spiekers et al., 1991; Kerr et al., 1995) resulted in performance of pigs fed a reduced CP, AA-supplemented diet equivalent to that of pigs fed a high-CP diet. The present work supports the conclusions of Przybilla and Weiss (1995) , indicating that potato protein is a suitable source of limited AA for organic pig production, which prohibits the use of extracted soybean meal and synthetic AA.
Feeding the organic diets without AA supplementation caused a marked decrease in feed consumption and weight gain during the growing period. The reduction in feed intake might have been due to the high proportions of faba beans and lupines in these diets. Reduction in feed intake caused by high proportions of faba beans in the diet was reported by Beste et al. (1990) and Burgstaller et al. (1990) . Research on feeding lupines in diets of fattening pigs indicates that lupines are useful at inclusion rates well below 20%; otherwise, they cause a reduction in feed intake (Cheeke and Kelly, 1989; Zettl et al., 1995) . In the current investigation, the portion of lupines in the grower diets was 22% in the peas+lupines treatment and 18% in the beans+lupines treatment. Godfrey et al. (1985) showed conclusively that growth depression of swine fed lupine seeds is largely a reflection of alkaloid content; when the proportion of quinolizidine alkaloids increased above .2% of the diet, feed intake was reduced. In the finishing period, feed intake did not differ between the treatments. Whether this finding was caused by the feed restriction itself, by the decreased portion of grain legumes, or by a pig age factor in the response to alkaloids in the diet cannot be concluded from the present results. According to Cheeke and Kelly (1989) , young pigs are more sensitive to inhibitory effects of lupines than are older animals that have been exposed to dietary lupine throughout the growing phase. In organic pig production, growth-promoting subtherapeutic antibiotics are forbidden. The effects of their lack in organic diets on growth performance are expected to be similar to those produced by conventional diets, depending to a high degree on the specific farm situation. Potential loss in growth performance is accepted because feed is intended to ensure quality production rather than maximum production (IFOAM, 1996) . Although the basic standards provide litter for farm animals, in the present study pigs were housed without straw to avoid additional effects due to straw. Growth rates are not directly influenced by the presence of straw (Beattie et al., 1995) . However, keeping growing pigs in deep litter can lead to an improved growth rate compared to pigs on slatted floors due to health and welfare reasons (Hoy et al., 1993) .
Slaughter weight was not influenced by the dietary treatments. The highest portion of lean meat was found in the AA-supplemented, control treatment. It was significantly higher than in the AA-unsupplemented treatments. The results are in apparent contrast to the data of others (Boisen et al., 1991; Spiekers et al., 1991; Schoenherr, 1992) , who reported that pigs fed AA-supplemented, low-CP diets produced carcasses with a lower percentage of lean meat than pigs fed a high-CP diet. These different results lead to the conclusion that the supply of AA is more responsible for muscle constitution than is CP level.
The organic AA-unsupplemented diets resulted in a considerably smaller loin muscle area compared to the AA-supplemented diets. In the studies of Hahn et al. (1995) and Cisneros et al. (1996) the longissimus muscle area was greater in pigs given low-CP diets fortified with limited AA than in those given an unsupplemented, low-protein diet. The comparison between AA supplementation by synthetic AA (low-CP) and by potato protein (high-CP) showed no difference in longissimus muscle area. Kerr et al. (1995) found a concurrent decrease in the longissimus muscle area along with the increase in carcass fat due to the lowering of dietary CP.
Fat area and backfat thickness were not affected by the dietary treatments, although the lean:fat ratio was higher in the AA-supplemented pigs than in the AAdeficient pigs. In numerous studies it has been concluded that feeding low-CP, AA-inadequate diets results in fatter carcasses (Castell et al., 1994; Kerr et al., 1995; Cisneros et al., 1996) . In the current investigation, the carcass fat in pigs fed the AA-deficient diets was relatively low, possibly due to the fact that part of the energy was used to eliminate the N surplus of the high-CP diets and was not available for fat formation, as was the case in investigations reported by Möhn and Susenbeth (1993) .
The results revealed that the IMF of the longissimus muscle was significantly affected by the restricted supply of limited AA. The variation caused by the difference in the level of limited AA was even higher than is known to be caused by sex and type of cross reported by Seewer and Prabucki (1993) . The increase in IMF content in the current study is similar to that found in other studies, however. Essen-Gustavsson et al. (1994) showed that IMF levels in the longissimus muscle (2.5%) were higher for pigs given a low-protein diet (131 g CP and 6.4 g lysine per kg) than the IMF (1.5%) from pigs given a high-protein diet (185 g CP and 9.6 g lysine per kg). Castell et al. (1994) found an increase in the longissimus fat content of castrated males and gilts from 1.4 to 3.5%, respectively, from feeding high-(176 g CP and 8.1 g lysine per kg) compared with low-(119 g CP and 4.8 g lysine per kg) protein diets between 25 and 98 kg live weight. Even short-term nutrition with an AAdeficient diet between average weights of 80 to 110 kg was successful in producing substantial increases in IMF levels, similar across different muscle locations, whereas feed intake, growth rate, and feed efficiency were not adversely affected (Cisneros et al., 1996) . The results of others and the current results support the suggestion that the IMF content is directly influenced by the level of limited AA, whereas the total CP content is of minor importance.
The current investigation showed a negative correlation between IMF and gain. In contrast, Scheper (1982) , Schwörer and Rebsamen (1990) , and Dufey (1992) found that IMF content increased with increasing daily weight gains. Obviously the effect of gain on IMF was eclipsed by the effect of the AA-inadequate CP supply. Intramuscular fat was negatively correlated to longissimus area, although the explanation for the variation was relatively low. Haas et al. (1997) found a lower correlation of r = −.35, based on 670 pigs.
The use of home-grown feedstuffs rich in protein but poor in limited amino acids apparently seems to be contrary to an environmentally friendly strategy. As a consequence of the environmental pollution caused by high animal density, there is a general trend to decrease dietary crude protein levels by supplementation of the diet with pure amino acids (Spiekers et al., 1991; Jongblood and Lenis, 1992; Dourmad et al., 1992) . However, organic livestock farming, because it is based on homegrown feedstuffs, limits the stock density and practices the complete prohibition of mineral nitrogen fertilizers, so N input in the farm cycle is relatively low (Hermansen and Kristensen, 1998) . Due to a general lack of nitrogen in organic agriculture, a high fecal and urinary nitrogen output may be a desirable objective, stressing the necessity to minimize air-borne nitrogen losses.
The beans+potato diet was cheapest for organic pork production. To compensate for the high feed costs due to the high costs of organic ingredients, the price for organic pork must be at least 30% higher than the conventional price. Because high IMF content is emphasized in organic pork production, the premium price will probably increase beyond this threshold. Feeding diets without AA supplementation leads to a prolonged fattening period and to a further increase of the production costs. In the peas+lupines and beans+lupines treatment groups, the fattening period was prolonged by nearly 12 d. Whether the use of potato protein in the organic peas+lupines diets and beans+lupines for modifying AA levels will increase IMF without sacrificing pig growth must be determined by further investigations. A study of Cisneros et al. (1996) suggests that even relatively short-term feeding of amino acid-deficient diets can produce substantial increases in intramuscular fat levels.
Implications
The results of this experiment suggest that the organic livestock production standards do not necessarily result in lower pig performance. The exclusion of synthetic amino acids can be compensated for by other protein sources such as potato protein. The avoidance of supplementation with amino acids favors the production of meat with high intramuscular fat without causing an overly fat pig. The strategy to increase intramuscular fat by a reduced supply of limited amino acids requires further studies in relation to the impact on palatability. The organic approach provides a tool for producers to manipulate intramuscular fat levels to meet specific market requirements with limited impact of on-farm performance. The higher intramuscular fat content has higher production costs than the conventional product but is in tune with the philosophy of organic agriculture.
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